A checklist of 118 lichens species is prepared by compiling the published literature, unreported species from herbarium LWG and fresh collection from Cotigao Wildlife Sanctuary. The study added 47 species as new to Goa and Anisomeridium angulosum (Müll. Arg.) R.C. Harris as new to India. The state lichen biota is dominated by crustose lichens belonging to Graphidaceous and Pyrenocarpous group. Maximum number of lichens are listed from Cotigao Wildlife Sanctuary with 67 species. The study would serve as baseline information for further studies on lichen biota as well as biomonitoring in Goa.
INTRODUCTION
Goa state covers an area of 3702 km 2 of which about 60% is covered with forests. The forest of Goa is part of internationally recognized biodiversity hotspot, the Western Ghats. The biodiversity conservation has given prime importance in Goa state where in 20% of its geographical area is dedicated for the proliferation of wildlife. The protected areas of the state comprises six Wildlife Sanctuaries and one National Park (Anonymous 1). According to the information available at ENVIS site of Goa the state records a total of 1750 Angiosperms, one Gymnosperm, 65 Pteridophytes, 297 Algae (fresh water and marine) (Anonymous 2). The state also records 50 species of bryophytes (Phatak et al. 2007 ) and 48 lichens (Singh and Sinha 2010) . This information indicates that while flowering plants of the state are fairly well studied, non-flowering plants are insufficiently explored. Lichens are symbiotic organisms and well knows bioindicators of air pollution and climate change. India has rich diversity of lichens represented by about 2511 species (Singh and Dash 2017) . However, the country has several biodiversity rich and interesting regions that are inadequately explored for lichens and Goa is one of them.
As per the herbarium records available at CSIRNational Botanical Research Institute, Lucknow (CSIR-NBRI, acronym LWG) lichens from Goa state are being collected since year 1962. Dr. Prakash Chandra, a botanist from CSIR-NBRI was the first person to collect lichens from the state. Thereafter, researchers from CSIR-NBRI and Agharkar Research Institute, Pune collected lichens from the state mostly for monographic studies of various taxa. In the recent years, Phatak et al. (2004) surveyed Cotigao Wildlife Sanctuary of the state and reported 43 lichen taxa, while Nayaka et al. (2004) reported 21 species from Bondla and Bhagwan Mahavir Wildlife Sanctuary. Later, Nayaka et al. (2006) explored some coconut and arecanut orchards of Goa and reported 23 species of lichens (Fig. 1) . Singh and Sinha (2010) in their monumental work 'Indian lichens, an annotated checklist' listed only 48 species of lichens from Goa, which is a low number for a biodiversity rich state. Therefore, a detailed exploration of lichen in Goa is recently initiated starting from Cotigao Wildlife Sanctuary. It is observed that several unidentified as well as unreported specimens collected from Goa are available at the herbarium LWG. The aim of the present study is to prepare a comprehensive checklist of lichens for Goa by compiling published literature, herbarium specimens and freshly collected samples from the state. 
MATERIALS AND METHOD
The lichen taxa identified up to species level in publications of Phatak et al. (2004) and Nayaka et al. (2004 Nayaka et al. ( , 2006 are listed. The taxa that are reported in earlier revisionary studies by various researchers are mostly included in checklist of Singh and Sinha (2010) , however they were verified by consulting the original literature wherever necessary. The lichen samples collected from Goa by researchers of CSIR-NBRI are available at herbarium LWG, among them only well identified species are utilized for listing. The recent nomenclature changes are updated by referring to www.indexfungorum.org and publications especially related to Graphidaceae (Staiger 2002 , Kalb et al. 2004 , Lücking et al. 2009 ), Pyrenula (Aptroot 2012 ) and foliicolous lichens (Singh and Pinokiyo 2014) . The lichen taxa are segregated under various families following classification by Lücking et al. (2017a,b) .
About 50 fresh samples of lichens were collected from Cotigao Wildlife Sanctuary located at Canacona taluka of Goa during March 2015. These lichens were mostly growing over tree bark and collected following standard procedure, air dried and preserved at herbarium of Goa University with details. The lichens were identified by studying their morphology, anatomy and chemistry (Nayaka 2014 Awasthi (1991 Awasthi ( , 2007 , Upreti and Pant (1993) , Upreti (1994 Upreti ( , 1998 , Harris (1995) , Sparrius (2004) , Lücking et al. (2009 ), Saag et al. (2009 ), Mishra et al. (2011 ), Jagadeesh Ram (2014 , Jagadeesh Ram and Sinha (2016) , Nayaka (2005) , Pinokiyo (2014), Aptroot (2012) .
RESULT
The compilation of lichens from published literature resulted in 71 species. The well identified lichens from LWG yielded about 100 specimens belonging to 70 species of which 25 were not reported earlier. The freshly collected lichens from Cotigao Wildlife Sanctuary resulted in 39 species of which 23 are further addition to Goa. In total the present study resulted in 118 species distributed under 23 families and 42 genera, of which 47 are new to Goa (Table 1) In the present study Anisomeridium angulosum (Müll. Arg.) R.C. Harris is reported as new record for India. The species is found growing on the tree trunk in Cotigao Wildlife Sanctuary. The species has a crustose, endophloeodal, ecorticate, whitish, faint UV+ thallus; black, exposed perithecia with eccentric ostiole; 8 spored ascus; uniseriate, hyaline, broadly fusiform, 1-septate ascospore of size 27.2 -34.4 x 8.7-10.0 ìm (Fig. 2) . Earlier this species is reported from Cuba (Harris 1995) .
DISCUSSION
In the publications of Phatak et al. (2004) , and Nayaka et al. (2004 Nayaka et al. ( , 2006 several taxa are identified up to genus level only and are not considered for preparing the checklist. Phatak et al. (2004) mentioned the occurrence of 43 species of lichens from Cotigao Wildlife Sanctuary, however their list contained only 27 species. It appears that table of their article was not printed completely. Several of these specimens, especially collected by Nayaka et al. are recovered from the herbarium LWG. Ajay Singh described a new species Anthracothecium goaense from Goa (Awasthi 1991, addendum) , however Singh and Sinha (2010) excluded it from Indian lichen biota for unknown reasons. Aptroot (2012) synonymized this species with Pyrenula gibberulosa (Vain.) Aptroot. Although type specimen of this species in untraceable at LWG it is included in the present checklist. For some species the exact locality of collection in Goa and collection numbers are not available.
As observed in the earlier studies fruticose lichens are completely absent in Goa. Mesta et al. (2015) also noted that species of Usnea are absent in Goa. The state lichen biota also lacks diversity of foliose lichens. Parmelioid lichens are usually prominent in tropical semi-evergreen forest such as in Goa, however in the present study only Parmotrema latissimum (Fée) Hale and P. saccatilobum (Taylor) Hale are recorded. The reason for such unusual observation is not clear and it is a matter for detailed ecological investigation. Intensive study of lichen in the state in future may yield parmelioid and fruiticose lichens. Further, dominance of Graphidaceous and Pyrenocarpous lichens, and importance of foliicolous lichens are already discussed by Nayaka et al. (2004) . Intensive exploration of an area not only yields comprehensive list of organism in the area but also results in several novel taxa. Thirty nine lichens species from 50 specimens collected from Cotigao Wildlife Sanctuary with 23 additions including one new record for India clearly suggest the lichen richness of the area and encourages for further detailed exploration. The checklist of 118 lichens from Goa certainly forms the base for further studies on lichen biota as well as biomonitoring in Goa.
